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Summary- The efficiency ofbenomyl applied as seed treatment and spray and that of carbofuran applied in floodwater were tested
to prevent infestation of rice plants by Aphetenchoides besseyi when the nematode was introduced into floodwater at different growth
stages of the crop. When A. besseyi was inoculated at transplanting, benomyl effectively controlled it when applied as seed treatment
and sprayed 1 or 15 days after transplanting. Benomyl failed to protect the plants when applied as seed treatment, and/or sprayed
5 days after nematode inoculation at transplanting, maximum tillering, and/or panicle initiation. Carbofuran broadcast in floodwater
1 or 30 days after nematode inoculation at transplanting failed to control the nematode. ln addition to hot water treatrnent of the
seeds, a combination of benomyl seed treatment and spraying 1 or 15 days after transplanting may be used to protect rice plants
from infestation by A. besseyi that survive in the field and to produce seeds free of A. besseyi.
Résumé - Effets du benomyl et du carbofuran sur l'infestation de plants de riz par Aphelenchoides besseyi - Le
traitement des semences et des pulvérisations de bénomyl ainsi que des applications de carbofuran dans l'eau d'irrigation ont été
testée pour prévenir l'infestation des plants de riz lorsque le nématode Aphetenchoides besseyi était introduit dans l'eau d'irrigation à
différents srades de développement de la culture. Lorsque le
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festation coming from contaminated seeds. There are,
however, secondary sourees of infestation. A. besseyi
may survive in plant debris of the preceding crop (Sivakumar, 1987) or they may be carried by irrigation water
(Tamura & Kegasawa, 1958). Methods that would prevent infestation of the plants from these secondary
sources of inoculum must be developed.
Soil application of carbofuran (Rao el al., 1986) has
been reported ta reduce A. besseyi infestation. Benomyl
has also been reported to efficiently control A. besseyz·
(Templeton el al., 1971) as well as other nematodes
(Miller, 1969; Miller & Taylor, 1970; McGuire &
Goode, 1970; Laughlin & Vargas, 1972; McLeod,
1973; Hide & Corbet, 1974; Cavelier el al., 1987).
Two experiments were conducted under screenhouse
conditions to test the efficiency of carbofuran applied
into the floodwater and benomyJ applied as seed treatment and sprays to prevent infestation of riee plants by
A. besseyi when the nematode is introdueed in floodwater.

Materials and methods
Experiments were conducted in a screenhouse using
the breeding line IR34686-56-2-2-2 that has been found
severely infested by A. besseyi on the IRRI farm.
In a preliminary experiment, the efficiency of three
hot water treatrnents to control seed-transmitted A. besseyi were tested using 32 lots of 500 seeds. Eight seed
lots were not treated. The remaining 24 seed lots were
soaked in water at 25 oC for 1 h and then divided into
three groups of eight lots. These lots were treated with
hot water for 15 min at 50, 55 or 60 oc. AU lots were
air-dried at 25 oC for a day. From each seed lot, 50 seeds
were manually dehulled and plaeed on Baermann funnels for five days and the nematodes were then counted.
In addition, three seeds from each seed lot were sowed in
clay pots fùled with 10 dm 3 of soil previously sterilized
for 2 h at 120 oc. Plants were grown until maturity. At
harvest, 50 seeds from each plant were manually dehulled and nematodes were extracted. Treatrnents were
arranged in randomized complete block design with
eight replications.
For the two experiments testing benomyl and carbofuran for control of A. besseyi introdueed in floodwater,
seeds were treated with hot water at 55 oC for 15 min
and germinated on germination paper. Seven-day-old
seecUings were transplanted in clay pots (three seedlings
per pot) containing 10 dm 3 of soil previously sterilized
for 2 h at 120 oC in an autoclave. Plants were grown
under permanent flooded conditions for the whole duration of the experiments. Ammonium sulfate was applied
at the rate of 80 kg N/ha split in two equal applications at
transplanting and at panicle initiation. Tillodan was
sprayed three times to control defoliators and riee bugs.
Plants were harvested 120 days after transplanting.
A. besseyi was derived from a culture maintained on Al564

lernaria lenuis grown on potato dextrose agar at room
Temperature (25-28 oC).
In the first experiment, 3000 nematodes were inoculated per pot into floodwater covering the soil. Carbofuran 3G was applied in the floodwater at the rate of
4 kg a.i./ha 1 or 30 days after transplanting (DAT). Benomyl (BenJate 50 WP®) was applied as seed treatrnent
using slurry method at the rate of 0.3 % by seed weight
and/or as sprayed on the plant using a hand sprayer at
the recommended rate of 2.5 g/dm 3 of water 1 and/or
15 DAT. Eight treatrnents were Td (the5 4.i4.1588 588.3Tj A
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Table 1. Nurnber of Aphelencho-ides besseyi recovered from

50 seeds given different hot water treaunents and from
100 grains harvested from plants grown from untrea ted and
hot water-treated seeds.
Treaunent

A. besseyi

A. besseyi

(No/50 seeds) * (No/IOO grains)
None
50 oC
55 oC
60 oC

(control)
for 15 minutes
for 15 minutes
for 15 minutes

354 a
37 b
ob
ob

25.6 a
61 b
b
b

o
o

Means of heighl replicarion. In a column, means followed by a common lerrer are not significamly differenr at the 5 % level by DMRT.

the plant and infest panides and grains. These observations indicate that under field conditions, individuals of
A. besseyi, surviving in the field on weeds, rice husks, or
plant debris of the previous crop (Yoshii & Yamamoto,
1950; Tikhonova, 1966; Sivakumar, 1987) or carried by
irrigation water (Tamura & Kegasawa, 1958) from
neighboring infested fields can also infest plants obtained from seeds treated with hot water.
Table 2. Effect of carbofuran and benomyl trearrnents applied

at different rimes after transplanring and of inoculation of
Aphelenchoides besseyi on average nurnber of nematodes ob-

served in uniilled spikelets and fJ..Iled grains at harvest (experiment 1).

Means of eighl replicarions. In a column, means followed by a common lerrer are not signiiicandy different at the 5 % level by DMRT.
* DAT = days after rransplanring.

Table 3.
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In these experiments, A. besseyt· did not affect grain
yield and yield components of IR34686-56-2-2-2. This
line appears to be tolerant to A. besseyi even if jnfected
plants showed symptoms of infestation.
Carbofuran applied in floodwater failed to control
A. besseyi. Even when carbofuran was applied one day
after inoculation, it did not reduce the number of A. besseyi observed in grains at harvest.
Benomyl applied as seed trearrnent reduced the average number of A. besseyi present in fùled grains at harvest. However, it did not totally prevent infestation. Benomyl applied as spray one day after inoculation of the
nematodes appeared to control A. besseyi more effectively than when applied as seed trearrnent. Total control of
A. besseyi was obtained when benomyl was applied as
seed trearrnent, followed by two sprayings at one and
fifteen days after nematode inoculation. When the first
spraying of benomyl was deJayed by five days after
A. besseyi infestation, the nematode was not controlled.
The relative inefficiency ofbenomyl as seed treatrnent to
control the nematode may indicate that it does not have
a systemic effect against A. besseyi as has been reported
for sedentary endoparasitic nematodes (Cavelier et al.,
1987). It seems that to control A. besseyi efficientJy, benomyl must be applied during the infestation stage. Benomyl becomes inefficient once the nematode starts
feeding on the apical meristematic tissues within the
innermost leaf sheath. This also indicates that benomyl
could inhibit the migration of A. besseyi toward the
growing point of the stem in much the same way that
benomyl inhibits the penetration of Globodera rostochiensis (Cavelier et al., 1987).
When A. besseyi inoculum is present in the fields at
transplanting time, it may be possible to reduce the infestation of the young seedling by applying benomyl as
seed treatrnent and spraying immediately after transplanting. This is in addition to the hot water seed treatment that controls A. besseyi in the seeds. These treatments may be useful in producing seeds of valuable
cultivars, when it is necessary to export seeds which are
free of the nematodes. These treatrnents will most certainJy not be of economic significance when used for
regular rice production in farmers' fields. When the inoculum of A. besseyi is introduced in the field through
irrigation water at a later stage of the crop, it will be
difficult to reduce plant infestation by using benomyl
spraying because infestation time cannot be predicted.
References
ATKlNS,]. G. & TODD, E. H. (1959). White tip disease of rice.
III. Field tests and varietal resistance. PhyLOpalhology, 49 :
189-191.
CAVELIER, A, MUGN1ÉRY, D. & MANSOUR, A (1987). Aspects de l'activité biologique du bénomyl vis-à-vis des nématodes à kyste de la pomme de terre, Globodera rosloehiensis
Wollo et G. pallida Stone. Revue NémaLOl., 10: 101-110.
566

FORTUNER, R. & ORTON WILLIAMS, K.]. (1975). Review of
the literature on Aphelenchoides besseyi Christie, 1942, the
nematode causing "white tip" disease in rice. Helminlh.
Abslr. Ser. B., 44 : 1-140.
H1DE, G. A & CORBETT, D. C. M. (1974). Control of Verlicilfium dahliae and Heterodera rosLOehiensis on potatoes. Ann.
appl. Biol., 78 : 295-307.
HOLLIS,]. P. Jr & KEOBOONRUENG, S. (1984). Nematode
parasites of rice. In: Nickle, W. R. (Ed.) Plant and inseel
nemaLOdes. New York & Basel, Marcel Dekker: 95-146.
LAUGHLIN, C. W. & VARGAS,]. M.Jr (1972). Influence of
benomyl on the control of Tylenchorhynehus dubius with selected non-fumigant nematocides. Pl. Dis. Replr, 56 : 546548.
MALABANAN, F. M. (1987). The influence of hOl waler and
fungicide lrealments on lhe viabilùy and vigor of rice seed.
Ph. D. Thesis, University of the Philippines at Los Banos,
XIIl + 78 p.
MCGUIRE, ]. M. & GoODE, M.]. (1970). Effect of benomyl
on Xiphinema amerieanum and tobacco ring spot virus infection. PhyLOpalhology, 60: 1150-1151.
McLEOD, R. W. (1973). Suppression of Aphelenchoides eomposlicola and Dùylenehus myceliopluzgus on Agarieus bisporus
by thiabendazole and benomyJ. NemaLOlogica, 19 : 236-241.
MILLER, P. M. (1969). Benomyl and thiabendazole suppress
root invasion by larvae of Heterodera tabacum. Phytopalhology, 59: 1040-1041.
MILLER, P. M. & TAYLOR, G. S. (1970). Effects of several
nematicides and benomyl on the incidence of wheather fleck
of tobacco. Pl. Dis. Replr, 54: 672-674.
RAHMAN, M. L. & M1AH, S. A (1989). Occurrence and distribution of white tip disease in deepwater rice areas in Bangladesh. Revue NémaLOl., 12: 351-355.
RAo, Y. S., PRASAD,]. S. & PANWAR, M. S. (1986). Nematode problems in rice: Crop losses, symptomatology and
management. In: Swarup, G. & Dasgupta, D. R. (Eds).
Planl parasùie nemaLOdes of India. Problems and progress, New
Delhi, Indian Agricultural Research Institute : 279-299.
SlVAKUMAR, C. V. (1987). The rice white tip nematode in
Kanyakumari district Tamil Nadu, India. Indian J. NemaLOI., 17 : 72-75.
TAMuRA,1. & KEGASAWA, K. (1958). [Studies on the ecology
of the rice nematode, Aphelenehoides besseyi Christie. II. On
the parasitic ability of rice nematodes and their movements
into hills.] Japan. J. Ecol., 8 : 37-42.
TEMPLETON, G. E., JOHNSTON, T. H. & DANIEL, ]. T.
(1971). Benomyl controls rice white tip disease. PhYLOpalhology, 61: 1522-1523.
T1KHONOVA, L. V. (1966). [Bioecology of the agent responsible for" white tip " disease of rice : Aphelenehoides besseyi.]
Vesl. sel'khoz. Nauki Alma-Ata, 2: 45-47.
YOSHIl, H. & YAMAMOTO, S. (1950). A rice nematode disease, " Senchû Shingare byô ". Ill. Infection course of the
present disease. J. Fae. Agrie. Kyushu Univ., 9 : 287-292.
Fundam. appl. NemaLOI.

